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EXECUTIVE SUMMARY / ABSTRACT 

This deliverable summarizes the research vessel observations that have been undertaken 
during the project lifetime. It provides a detailed description of what have been planned 
and actually executed by the partners within Subtask 3.2.3. in terms of oceanographic 
cruises during 2012-2015 in the Southern European Seas. A preliminary data analysis of 
collected CTD profiles is given for each subregion. 

 

SCOPE 

The overall scientific objectives of PERSEUS are to identify the interacting patterns of 
natural and human-driven pressures on the Mediterranean and Black Seas, to assess their 
impact on marine ecosystems and, using the objectives and principles of the Marine 
Strategy Framework Directive (MSFD) as a vehicle, to design an effective and innovative 
research governance framework based on sound scientific knowledge. The objectives of 
WP3 are to  upgrade and expand the present observing capacity in the SES towards 
fulfillment of the scientific and society needs addressed by PERSEUS with emphasis on 
the characterization of present state, and to increase forecasting capabilities and provision 
of solid grounds for the implementation of MSFD. 
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1. INTRODUCTION 

The Task 3.2 “Upgrade of existing observing components” considers the existing 
permanent routine observing systems and the scientific and society needs as well as the 
identified gaps, in order to carry out specific upgrades of the observing components, which 
will represent a valuable asset for the monitoring capacity of the SES in the future. 
PERSEUS has concentrated on upgrading and expanding new sensors for existing multi-
parametric platforms such as moorings and ARGO profilers, as well as on R/V repeated 
monitoring by increasing the spatial and temporal resolution in key areas for the needs of 
MSFD. Collected data will become available through the PERSEUS Database (WP9). The 
Subtask 3.2.3 entitled “R/V repeated monitoring; increase spatio-temporal resolution and 
support upgrade/ expand existing surveys” had the scope of filling in the gaps left by 
oceanographic cruise, identified in the first task of WP3, by organizing the observational 
work which was necessary to complement the existing systems.  
CTD data collected in some specific sections has been submitted to the project database 
and oceanographic sections, across sub-basin and through straits, on an annual basis and 
monthly visits to sites has ensured the collection of data for a number of variables that will 
help WP1, WP2 and WP4 to make the assessment of the GES as well as in-lab calibration 
of the sensors. 
Since the subtask is meant to provide a means to fill in existing gaps, in the following a 
brief summary of the findings of Subtask 3.1.2. is given. In the deliverable D3.1 we 
reported the research ship monitoring programmes over the years 2009-2011, i.e. before 
the start of PERSEUS. The aim of sub-task 3.1.2 was to review observational network 
based on research ship surveys over the last years all sub-basins of the Mediterranean and 
Black Sea. Gaps were identified and recommendations were given to improve the network 
as a whole and to meet the PERSEUS objectives. Particular attention was given to all the 
physical (T, S, currents) and biogeochemical (oxygen, chlorophyll, nutrients, alkalinity, 
etc.) parameters measured.  
The Mediterranean and Black Seas have been sampled quite extensively by different 
countries during  the past years. The overall picture allowed us to identify gaps. The single 
years are quite similar, denoting the tendency of performing repeated cruises of most of the 
partners.  
The maps shown in Fig. 1 were carefully analyzed and gaps are identified and 
recommendations are given to improve the network as a whole and to meet the PERSEUS 
objectives. The following map, showing all stations surveyed by the above mentioned 
institutes between 2009 and 2011 (i.e. before the start of Perseus),  highlights the presence 
of “blank areas” (denoted by the circles), and the importance for SES community to 
increase the horizontal extension of their surveys in certain areas. 
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Figure 1. Station maps for single years (2009-2011) and combined station map 2009-2011 
of all Institutes highlighting gaps in the data coverage. 
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2. Planned and executed cruises during 2012-2015 

The aim of the S3.2.3 is to fill in the gaps of R/V repeated monitoring. The DoW identifies 
a number of key repeated sections and surveys. In order to establish a programming of the 
observational R/V based activity, partners were asked to fill in a questionnaire (detailed 
questionnaires can be found in the Appendix) about their R/V survey plans for the duration 
of the project. In the following we report the R/V cruises proposed in the DoW along with 
the actual plans of the involved partners, highlighting critical points. 

 
Figure 3. Combined Station map 2012-2015.  
In the map in Figure 3 the stations of all cruises carried out by the partners in the period 
2012-2015 are shown. Comparing Fig. 3 with Fig. 2 it appears that the gaps have been 
filled only partially. Substantial improvement is to be highlighted for the Algerian Basin, 
the north-western Mediterranean, the north-eastern Mediterranean as well as for the Black 
Sea. The southern Ionian Sea is still under-sampled (not sampled at all during Perseus), but 
this has to be mainly ascribed to political issues and ongoing conflicts in the southern shore 
countries. In general terms, the planning done in the DoW has been widely respected by 
the partners, even if a higher degree of adaptability of the cruise planning, after the 
outcomes of Task 3.1., would have been a wiser choice. More details on the single cruises 
are provided in the next paragraphs.  
   
1) REPEATED CROSS SECTION IN THE NORTH-EASTERN BLACK SEA (PARTICIPANT: SIORAS) 

According to the DOW “Activities, on a monthly time scale, will be concentrated on a 
transect offshore Gelendzhik, using a small R/V from the coast to the outer part of the 
continental slope at 1.500 m depth, 8-11 miles offshore: 7-9 CTD casts including 
biogeochemical data, including nutrients (PO4, Si, NO2, NO3, NH4), Chl-a, dissolved 
oxygen and hydrogen sulphide, pH, and alkalinity as well as spatial distribution of 
phytoplankton, mesozooplankton, and gelatinous macrozooplankton (including non-
indigenous ctenophores), changes in species composition, abundance and biomass, will 
be carried out as well as profiles using the new Aqualog ocean profiler designed for 
offshore environmental monitoring, from 10-1000 m depth. These parameters can be 
used as qualitative descriptors for determination of environmental status (MSFD). This 
will upgrade the long-term monitoring (zooplankton, phytoplankton and hydro physical 
parameters) that was initiated in 2005.”  
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According to the questionnaire (see Appendix): SIORAS planned 6 one-day cruises per 
year (bi-monthly) starting in March 2013 and ending in October 2015 with the objective 
of contributing in the creation of time series of hydrophysical, hydrochemical and 
biological parameter measurements along the transect across the coastal zone off 
Gelendzhik (NE Black Sea), to study major circulation features of coastal dynamics and 
its influence on the ecosystem. These cruises are designated also as part of another 
(national) project (“Fundamental problems of ocean: physics, geology, biology, 
ecology”. Coordinating body: Presidium of Russian Academy of Sciences). Parameters: 
CTD, nutrients (PO4, Si, NO2, NO3, NH4), pH, alkalinity, pelagic bacteria/micro-
organisms, phytoplankton pigment and species composition, zooplankton abundance 
and species composition, POC, PON. 
Cruises actually carried out: SIORAS carried out 6 cruises in 2013 and 6 cruises in 
2014. The cruise list and station map is shown below. No activity is planned for 2015. 

Period  Lat min Lat max Lon min Lon max R/V name PI 

Apr13 44.49 44.58 37.95 38.07 Ashamba Arashkevich E. 

May13 44.49 44.58 37.95 38.07 Ashamba Arashkevich E. 
Jun13 44.49 44.58 37.95 38.07 Ashamba Arashkevich E. 
Jul13 44.49 44.58 37.95 38.07 Ashamba Arashkevich E. 
Sep13 44.49 44.58 37.95 38.07 Ashamba Arashkevich E. 
Nov13 44.49 44.58 37.95 38.07 Ashamba Arashkevich E. 
Apr14 44.49 44.58 37.95 38.07 Ashamba Arashkevich E. 
May14 44.49 44.58 37.95 38.07 Ashamba Arashkevich E. 
Jun14 44.49 44.58 37.95 38.07 Ashamba Arashkevich E. 
Jul14 44.49 44.58 37.95 38.07 Ashamba Arashkevich E. 
Sep14 44.49 44.58 37.95 38.07 Ashamba Arashkevich E. 
Oct14 44.49 44.58 37.95 38.07 Ashamba Arashkevich E. 

 

 

Figure 4. SIORAS cruises: (left) Black Sea station map where SIORAS working area is 
highlighted; (right) SIORAS repeated transect.  
 
2) REPEATED CRUISES IN THE NORTH-WESTERN BLACK SEA (PARTICIPANT: MHI) 

According to the DOW “Activities will focus on the NW Black Sea shelf, Danube 
paleo-canyon, in transects Cape “Chersonese- Bosporus”, “Cape Chersonese-Danube”, 
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and South Crimea shelf: CTD casts, current velocity profiles, bio- optical (by FRR 
fluorimeter), biogeochemical data, including nutrients (PO4, Si, NO2, NO3, NH4), Chl-
a, dissolved oxygen and hydrogen sulphide, pH, alkalinity, and spatial distribution of 
phytoplankton. The pilot observations in transects “Sevastopol-Istanbul’ will be 
provided by the ferry boats.”  
According to the questionnaire (see Appendix): MHI planned to carry out 2 long cruises 
on board of R/V “Professor Vodyanitsky” and 3 cruises on small-size ship, between 
August and November 2013, with the main objective to contribute in measurements of 
optical, physical and biochemical parameters in the Western part of the Black Sea: 
monitoring the repeat transect “Chersones - Bosporus”; observations of transformation 
of Cold Intermediate Layer; study of seasonal evolution of Sevastopol anticyclonic 
eddy; hydrological observations in coastal zone near Dnestr and Danube estuaries and 
near Zmeinuy island with the aim to study of river water transformation in summer 
period; vertical profiling of currents by ADCP. Parameters. CTD, L-ADCP, oxygen, 
phosphate, nitrate. The location of the casts at the Black Sea was chosen, since permit to 
study of seasonal evolution of Sevastopol anticyclonic eddy and of river water 
transformation on the shelf and its impact on the shelf ecosystem. 
Cruises actually carried out: Only one cruise in September 2013 was carried out. MHI is 
no longer a PERSEUS partner. The data collected have been correctly transmitted to the 
Perseus database. The cruise list and station map is shown below. 

Period  Lat min Lat max Lon min Lon max R/V name PI 

Sep13 44 46.5 29.5 33.6 

R/V “Professor 

Vodyanitsky” 
- 

 

 
Figure 5. MHI  cruise: (left) Black Sea station map where MHI working area is highlighted; 
(right) MHI station map. 
 

3) REPEATED CRUISES OR SECTIONS IN THE EASTERN MEDITERRANEAN SEA: A) SOUTH AEGEAN 
(PARTICIPANT: HCMR) 
According to the DOW “In the South Aegean Sea (Cretan Sea) monthly cruises will be 
conducted by the HCMR to visit the E1- M3A mooring location. The biochemistry of 
this area has been studied approximately every 2 years since 1987. Since 2007, CTD 
casts of the entire water column at the E1-M3A location are done seasonally to annually 
through the POSEIDON project. From the beginning of 2010, additional monthly visits 
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are made to measure optical and physical (T, S) properties down to 150m depth and 
biochemical parameters (DO, chl-a, PO4, Si, NO2, NO3, NH4) down to 100m depth. 
An upgrade will be carried out to provide these parameters at NRT (<3 days) and to 
include bacteria and zooplankton biomass in delayed mode (6 months) as well as to 
make deeper CTD casts every month.”  
According to the questionnaire (see Appendix): HCMR planned one-day monthly 
cruises starting in January 2013 and ending in June 2015 with the objective of 
contributing to the creation of a times series of optical, physical and biochemical 
parameters measurements using a Research vessel at the location of the POSEIDON-
E1-M3A buoy. Parameters: CTD, nutrients (PO4, Si, NO2, NO3, NH4), DO, pelagic 
bacteria/micro-organisms, phytoplankton pigment, zooplankton abundance and size. 
Cruises actually carried out: the HCMR R/V activities started in April 2013 (sampling 
was not possible from January to March), CTD casts and samples for all parameters 
declared in the DOW were taken except for O2. HCMR visited the E1-M3A location 5 
times in 2013, 11 times in 2014 and 3 times in 2015. In addition HCMR carried out to 
longer cruises in 2013: PERSEUS0513 (May 2013) and PERSEUS1013 (October 
2013), occupying respectively a north-south transect in the Southern Aegean Sea and in 
the Northern Aegean Sea. The cruise list and station map is shown below. 

 
Figure 6. HCMR cruises (white diamond is the location of the fixed site E1-M3A). 
 
HCMR one-day monthly cruises at E1-M3A (white diamond in the map): 

Period  Lat min Lat max Lon min Lon max R/V name PI 

Apr13 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

May13 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

Oct13 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 
Nov13 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 
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Dec13 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

Jan14 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

Feb14 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

Mar14 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

Apr14 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

May14 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

Jun14 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

Jul14 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

Sep14 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

Oct14 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

Nov14 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

Dec14 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

Mar15 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

Apr15 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

May15 35.35 35.76 25.09 25.16 IOLKOS/FILIA/AEGEAO Frangoulis C. 

 
PERSEUS0513 and PERSEUS1013 cruises: 

Period  Lat min Lat max Lon min Lon max R/V name PI/Cruise name 

May13 35 36 25.09 25.09 - PERSEUS0513 

Oct13 40 41 25.2 25.2 - PERSEUS1013 

      
 

4) REPEATED CRUISES OR SECTIONS IN THE EASTERN MEDITERRANEAN SEA: B) SOUTH-EAST 
LEVANTINE (PARTICIPANT: IOLR) 
According to the DOW “In the south-east Levantine basin, on a section off Haifa, 
seasonal observations will be carried out by the IOLR using R/V Shikmona. The 
section includes 6 CTD stations starting in Haifa Bay (the area under intensive 
anthropogenic pressure) and ending in open sea area of 1.600 m depth, 45 miles from 
the coast. High resolution (1m) profiles will be taken at each station measuring 
temperature, salinity, oxygen, fluorescence (chlorophyll), and beam attenuation. In 
addition, water will be sampled in water mass cores and particular points, and analysed 
for oxygen, nutrients (PO4, SiOH4, NO2, NO3, NH4), Chl-a. Regular observations on 
the Haifa section started in 2002. The H05 station (1400m), where the relative regular 
observations started in 1979, was appointed a WOCE type observation point in the 
Levantine basin by the SESAME project. Observations on the Haifa Section are 
essential for calibration of gliders and ARGO floats, as well as for long term monitoring 
of the Levantine surface water salinity, which defines the intensity of intermediate water 
formation in the Levantine and deep water formation in the Aegean.”  
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According to the questionnaire (see Appendix): IOLR planned one-day half-year 
cruises starting in March 2013 and ending in September 2015 with the objective of 
investigating long term changes of the seawater physical and chemical parameters in the 
South Eastern Levantine, and validation of a hydrodynamic model of shelf circulation. 
These cruises are designated also as part of another (institutional) project (“Haifa 
Section”. Coordinating body: IOLR). Parameters: CTD, oxygen, phosphate, total – P, 
nitrate, nitrite, total – N, silicate, alkalinity, pH. 
Cruises actually carried out: IOLR carried out 2 cruises in 2013, 2 in 2014, and up tp 
now 1 in 2015 (cruises named from “Haifa Section 29” to “Haifa Section 33”). The 
cruise list and station map is shown below. 

Period  Lat min Lat max Lon min Lon max R/V name PI 

Mar13  32.8 33.2 34.1 34.93 Shikmona Isaac Gertman 

Dec13 32.8 33.2 34.1 34.93 Shikmona Isaac Gertman 

Aug14 32.8 33.2 34.1 34.93 Shikmona Isaac Gertman 

Nov14 32.8 33.2 34.1 34.93 Shikmona Isaac Gertman 

Mar15 32.8 33.2 34.1 34.93 Shikmona Isaac Gertman 

 

 
Figure 7. IOLR cruises: (left) Eastern Levantine station map where IOLR working area is 
highlighted; (right) IOLR repeated transect. 

 
5) REPEATED CRUISES OR SECTIONS IN THE EASTERN MEDITERRANEAN SEA: C) CYPRUS 

(PARTICIPANT: OC-UCY) 
According to the DOW “OC-UCY will carry out multidisciplinary (physical and 
biochemical) N-S monitoring along 33 °E, from Limassol, Cyprus down to the south, to 
33°N, onboard multi-purposed vessels. Along this transect of 90 nm, the OC-UCY will 
carry out sampling at 11 stations, from surface down to a maximum depth of 1500 
meters, annually. This transect has been well-monitored over the last 15 years by OC-
UCY, during the CYBO cruises. This transect monitoring will be combined with the 
CYBO cruises in the broader SE Levantine Basin. Moreover, along the same transect, 
additional physical data will be collected onboard VOS, from Limassol to Port Said. 
This transect is well-monitored by the Cyprus VOS cruises in the framework of 
MFSTEP and MFSPP projects. Along this VOS transect of 180 nm length, the OC-
UCY will carry out sampling at 18 stations down to a maximum depth of 700m, 3-4 
times per year, depending on the VOS availability. The VOS cruises strategy will be 
combined with the CPR field sampling.”  



PERSEUS Deliverable Nr. 3.7  
 

 - 14 -  

According to the questionnaire (see Appendix): OC-UCY planned bi-monthly (one day) 
and annual (3-10 days) cruises starting in April 2012 and ending in December 2013 
with the objective of obtaining a bi-monthly times series of physical and biological 
parameters measurements of a coastal domain with up to 10 stations in the Limassol 
Bay, Levantine Basin (the MEDZOO daily cruises); of collecting data for the evaluation 
of the benthic fish stock abundance in the waters of the Republic of Cyprus for the 
Period 2011-2013 (the annual MEDITS with 10 days duration); of collecting data along 
33°E in order to monitor the transport of the AW, of the Cyprus eddy and of the MMJ 
(the annual CYBO with 3 days duration). These cruises are designated also as part of 
other projects: international “MEDZOO” (Coordinating body: CIESM), national 
“MEDITS 2011-2013” (Coordinating body: AP MARINE ENVIRONMENTAL 
CONSULTANCY LTD), national “CYBO” (Coordinating body: OC-UCY). 
Parameters: CTD, Zooplankton abundance and size. 
Cruises actually carried out: Some of the MedZOO bi-monthly cruises in Limassol Bay 
(April 2012, June 2012), the MEDITS cruises in coastal zone in 2012 (June 2012–also 
CTD and zooplankton around Cyprus), the CYBO cruise along 33°E (2012 had 2 
reduced versions, both of which had stations on the line, October 2012, December 
2012), the Pelagia cruise (deep casts CTD in a small area, October 2012), the CYBO-
OCB cruises (open sea CTD near a moored platform, and some stations along the 33°E 
line, September 2012, December 2012), the Basilikos cruise (CTD ADCP near the coast 
just east of Limassol, August 2012). CYBO cruises were reduced because of budget 
cuts (10/11 stations were done in October 2012, and only 5/11 in December 2012). 
MEDITS did take place in 2013, Zooplankton cruises missing after June 2012 and in 
2013. Not all the data of the above mentioned cruises could be retrieved from the 
Perseus database and Seadatanet. In the map and in the cruise list only those cruise are 
present for which the data could have actually been located. 

Period  Lat min Lat max Lon min Lon max R/V name PI 

Oct12 33.5 35 32 34 Shikmona G. Zodiatis/CYBO25a 

Dec12 33.5 35 32 34 Shikmona G. Zodiatis/CYBO25b 

Feb13 33.67 33.67 31.42 31.42 Shikmona D. Hayes/CYOCB4 

May13 33 33.8 31 32 Shikmona D. Hayes/CYOCB5 

Dec13 32.75 34.5 33 35 Shikmona G. Zodiatis/CYBO26 

 

 

Figure 8. OC-UCY cruises. 
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6) REPEATED CRUISES OR SECTIONS IN THE EASTERN MEDITERRANEAN SEA: D) sections 

/cruises in the Turkish Straits System  (Participant: METU) 

According to the DOW “Mediterranean-Black Sea exchanges: monitoring at the 
Turkish Straits System (TSS), mainly focusing on the Bosporus Strait will make use of 
(1) existing nutrient and plankton samples and periodically collection of new nutrients 
(phosphate, silicate and nitrate), chlorophyll and plankton samples at predetermined 
intervals, (2) Analyzing air filters (over 2000 samples) already collected at coastal 
locations (Erdemli, Sinop, Gokceada, Istanbul) with some additional samples to be 
collected during the cruises for assessment of atmospheric deposition. “ 
According to the questionnaire (see Appendix): no questionnaire received, but three 
cruise sheets received recently. For details see below. 
Cruises actually carried out: METU carried out three main cruises, MAREX (June 2013), 
BSEX (July 2013) and BSEX2 (November 2014). The cruise list and station maps are 
shown below. 

Period  Lat min Lat max Lon min Lon max R/V name PI/Cruise name 

Jun13  40 41.3 26.1 29.9 Bilim-2 S. Tugrul/MAREX 

Jul13 41.1 43.3 28.1 41.5 Bilim-2 B. Salihoglu/BSEX 

Nov14 40.8 42.2 28.1 31 Bilim-2 H. Örek/BSEX2 

 
1. MAREX – Marmara Sea Experiment cruise (also WP1.3) in the Turkish Straits 
System: Stations are selected on coastal and offshore regions of the Marmara Sea and 
along the two straits to monitor two-layered flows in the straits. The main aim of this 
cruise was to understand pressures and impacts on the Marmara ecosystem and major 
processes dominating the two-layer ecosystem in the TSS. During the cruise, samples 
were collected for the physical, biological and chemical parameters at pre-defined 
stations. Samples, taken by rosette system and WP2 nets or sediment samplers (Grab) 
processed on board and preserved for the laboratory analysis in the institute. 
Parameters: CTD, PAR, Fluorescence, Oxygen, phytoplankton, cyanobacteria and 
heterotrophic bacteria, primary production, pigment, Zooplankton, jellyfish, 
Ichtyoplankton, NO3, NO2, PO4, NH4, TP, POM, POC, PON, Si, DIP, TIN, DOW, 
pH, Chl-a, TSS, BOD5, contaminants in sediment, Cesium sampling, Atmospheric 
deposition.  

 
Figure 9. METU MAREX cruise. 
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2. BSEX – Black Sea Experiment cruise (also WP1.3) in the Southern part of the Black 
Sea: Cruise  was carried out during the summer of 2013 to measure the level of 
nutrients and oxygen and the ratios (silica, nitrogen and phosphorus) and distribution of 
phytoplankton, zooplankton and impact of gelatinous  zooplankton is observed. 
Parameters: CTD, O2, nutrients, pH, chl, PAR, TOC, TN, bacterial biomass/production, 
PP, Phytoplankton, Mesozooplankton, Gelatinous organisms, Eggs and larvae, Fish 
acoustics, Food web PP vs fish biomass, Atm deposition, Contaminants, contaminants 
in fish (heavy metal), Box corer/corer sample. 

 

Figure 10. METU BSEX cruise. 
 
3. BSEX2 – Black Sea Experiment cruise (also WP1.3) in the South-western ern part of the 

Black Sea: 
Parameters: CTD, Nutrients, pH, DO, Surface TSM, zooplankton, phytoplankton. 

 

Figure 11. METU BSEX2 cruise. 
 

7.1) REPEATED CRUISES OR SECTIONS IN THE WESTERN MEDITERRANEAN SEA: A) RADMED 
CROSS SECTIONS (PARTICIPANT: IEO) 

According to the DOW “The RADMED cross sections, covering different sections in 
the Alboran Sea from the shelf to the deep sea (offshore slope) along the Spanish coast 
(reaching Barcelona and including the Balearic channels) have been historically carried 
out by the IEO (from 2007, but in some sections, since 1995): they will be continued 
and expanded including biogeochemical data to better establish the interactions between 
Atlantic and Mediterranean Waters and the North/South Exchanges in the western 
Mediterranean.”  
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According to the questionnaire (see Appendix): IEO planned 20-days seasonal cruises 
starting in March 2012 and ending in June 2015 with the objective of a space-time 
monitoring of physical variables, chemical, biological meaningful and distribution of 
phytoplankton and zooplankton communities in profiles located at special points along 
the Spanish Mediterranean coast. For their achievement should be made an 
oceanographic sampling on a four month basis, covering transects perpendicular to the 
coast at special points in the Spanish Mediterranean. These cruises are designated also 
as part of another institutional project (“RADMED-DOS”. Coordinating body: IEO). 
Parameters: CTD, phosphate, nitrate, nitrite, silicate, phytoplankton pigments, 
zooplankton. 
Cruises actually carried out: In 2012 IEO had scheduled three 20-days seasonal cruises. 
The first RADMED-0312 cruise took place between days 24/03/12 to 13/04/12, the 
following two at June and October could not be carried out by technical  problems with 
the ships. In 2013 IEO has carried out 5 cruises, 6 in 2014 and 2 in 2015 (“Canales 
Scheme” and “Radmed Scheme”, see figures below). Parameters: CTD, nutrients 
(phosphate, silicate, nitrite and nitrate), phytoplankton pigments and zooplankton are 
measured during these cruises. In addition IEO participated to the ALBOREX 
experiment in May 2014. The cruise list and station map is shown below. 

Period Lat min Lat max Lon min Lon max R/V name PI/Cruise name 

Mar12 36.25 41.32 -2.2 4.6 Emma Bardán J. Lopez-Jurado/RADMED0312 

Mar13 36.25 41.32 -4.75 4.58 SOCIB J. Lopez-Jurado/RADMED0313 

Jun13 38.8 41.3 0.1 4.6 SOCIB J. Lopez-Jurado/RADMED0613 

Nov13 36.25 41.32 -4.75 4.58 F.P. NAVARRO J. Lopez-Jurado/RADMED1113 

Feb14 36.25 41.32 -4.75 4.58 F.P. NAVARRO J. Lopez-Jurado/RADMED0214 

Jun14 38.3 39.5 -0.1 2.4 SOCIB J. Lopez-Jurado/RADMED0613 

Nov14 36.25 41.32 -4.75 4.58 F.P. NAVARRO J. Lopez-Jurado/RADMED1114 

 
7.2) REPEATED CRUISES OR SECTIONS IN THE WESTERN MEDITERRANEAN SEA: A) CANALES 

SECTIONS (PARTICIPANT: SOCIB) 
In addition to the RADMED section, SOCIB is also involved in subtask 3.2.3 with the 
repeated “Canales” monitoring program. The SOCIB Canales ship missions are 
undertaken in the Balearic Channels, namely the Ibiza and Mallorca Channels. These 
narrow and relatively shallow channels are important restriction points in the basin scale 
circulation of the Mediterranean Sea, particularly the Ibiza Channel (IC). The Ibiza 
Channel is an important ‘choke’ point, governing an inter-sub basin exchange of 
different water mass that is known to affect local ecosystems in a region of high 
biodiversity. The SOCIB ‘Canales’ ship missions aim to monitor transects across both 
the IC and MC 4 times a year (seasonally), approximately perpendicular to the main 
current flows. In order to monitor the inter sub-basin exchange of water mass and 
support the fast repeat glider endurance line missions (see PERSEUS Deliverable D3.6 
for details), also undertaken by SOCIB in the IC as part of the multi-platform approach 
to ocean monitoring. The R/V SOCIB, a fast catamaran purpose built for regional 
oceanographic missions (see www.socib.es), is used for the SOCIB ‘Canales’ ship 
missions.  Generally one transect of the MC is undertaken (10 stations) and 2 transects 
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of the IC, one coincident with the glider endurance line transect at approx. 39 °N and 
the second 15 km to the south (10 and 8 stations respectively). At each station, CTD, 
oxygen, fluorescence, and turbidity are measured, and water samples for oxygen and 
salinity. High accuracy, vessel mounted ADCP monitoring is also undertaken 
(additional ADCP transects can be captured over night) as well as meteorological 
parameters and surface salinity and temperature from a thermosalinograph. The ship 
missions are coordinated with the SOCIB glider endurance line monitoring missions 
and provide additional information on the flows in the east of the IC, an important 
means of correcting the glider CTD against in-situ samples, and an important cross-
check for the geostrophic velocity calculations that give a measure of water transport 
through the channels.  
Cruises actually carried out: Commencing in 2013, SOCIB has now undertaken 5 
SOCIB ‘Canales’ Ship missions, 1 in 2013, 3 in 2014 and 1 in 2015, with 2 more 
planned. The SOCIB ‘Canales’ ship transects help support the IEO RADMED cruise 
time series, as they are undertaken in similar locations. In addition SOCIB supported 
the PERSEUS WP3 Task 3.4 multi-platform Experiment, ALBOREX, which was 
undertaken in May 2014. The ALBOREX Experiment was a multi-platform, synoptic 
and intensive experiment, lead by IMEDEA (CSIC-UIB) for PERSEUS, with strong 
support from SOCIB, OGS, CNR, WHOI and McGill University. Sampling was 
undertaken at an intense front where Atlantic and Mediterranean waters meet in the 
Eastern Alboran Sea, to the south of the IC. The experiment took place over 8 days and 
included a range of oceanographic platforms, sampling concurrently in order to more 
effectively capture the intense but transient motion associated with mesoscale and sub-
mesoscale features along the intense front, including submesoscale vertical motion.  
During the experiment 25 drifters, 2 gliders, 3 Argo floats were deployed, and the R/V 
SOCIB catamaran sampled 66 stations. The CTD data from all the SOCIB ship 
missions reported here are available in Coriolis. 

Period 
Lat 

min 

Lat 

max 

Lon 

min 

Lon 

max 
R/V name PI/Cruise name 

Dec13 38.8 39.5 0 2.4 SOCIB J. Tintorè/ SOCIB_Canales_Dec2013 

Feb14 38.8 39.5 0 2.4 SOCIB J. Tintorè/ SOCIB_Canales_Feb2014 

May14 36.5 37.5 -1.5 0 SOCIB A.Pascual/PERSEUS_EPR_ALBOREX_May2014 

May14 38.8 39.5 0 2.4 SOCIB J. Tintorè/ SOCIB_Canales_May2014 
Nov14 38.8 39.5 0 2.4 SOCIB J. Tintorè/ SOCIB_Canales_Nov2014 

Apr15 38.8 39.5 0 2.4 SOCIB J. Tintorè/ SOCIB_Canales_Apr2015 

May15 38.1 39.5 0.2 2.8 SOCIB J. Tintorè/ SOCIB-SHEBEX-MAY2015 
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Figure 12. IEO+SOCIB cruise map (left), and typical RADMED (centre) and 
CANALES (right) sampling schemes. 

 
8) REPEATED CRUISES OR SECTIONS IN THE WESTERN MEDITERRANEAN SEA: B) MOOSE 

MONTHLY CRUISES (PARTICIPANT: CNRS) 
According to the DOW “The MOOSE monthly cruises along the French coast, off 
Banyuls, Marseille and Villefranche, again from the shelf to deep sea environment 
(<50km offshore). Full depth profiles. Automatic collection of T, S, O2, Fluorescence 
Chl-a, Turbidity. Water samples for oxygen, pigments, salinity, cytometry, nutrients and 
DIC.”  
According to the questionnaire (see Appendix): CNRS planned one-day monthly cruises 
starting in January 2012 and ending in December 2015 with the objective of observing 
the long-term evolution of the NW Mediterranean Sea in the context of the climate 
change and anthropogenic pressure (over > 10 yrs) in order to be able to detect and 
identify long-term environmental trend and anomalies of the marine ecosystem. 
Presently, MOOSE is combining eulerian observatories, autonomous mobile platforms 
(profilers, gliders) and research vessels. The eulerian observation is organized in three 
mooring sites in which a ship survey is performed on a monthly basis (DYFAMED), in 
the Ligurian Sea for atmospheric and marine flux transfer to the surface and deep waters 
(since 1988, OOV, Eurosites, MOOSE-DYF); ANTARES in the north western current 
offshore from Toulon for hydrodynamic and organic matter remineralization in deep 
water, MOOSE-ANT; MOLA in the western part of the Gulf of Lions off the marine 
station in Banyuls, devoted to the bacterial diversity in relation to the variability of the 
hydrology, MOOSE-MOL). Parameters: CTD, oxygen, fluorescence (chlorophyll), and 
beam attenuation, nutrients, alkalinity, dissolved inorganic carbon, pelagic 
bacteria/micro-organisms, phytoplankton pigment. 
Cruises actually carried out: in 2012 CNRS carried out monthly cruises along a transect 
from the shelf, in front of Nice, to the deep sea environment, with the last station 
offshore being identified with the historical DYFAMED (approx. 43.4 °N, 7.9°E, white 
diamond in the station map) station. No monthly data of the whole transect between 
2013 and 2015 have been located, while DYFAMED only has been repeated 
approximately on a monthly basis during the whole period. All data have been retrieved 
from Seadatanet. The cruise list and station map is shown below. 
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Period Lat min Lat max Lon min Lon max R/V name PI/Cruise name 

2012, monthly 43.3 43.7 7.3 7.9 Téthys L.Coppola/Boussol
+Dyfamed 

2013, monthly (excl. Jan, 
Feb, Jun) 43.4  43.4 7.9 7.9 Téthys L. Coppola/ 

Dyfamed 
2014, monthly (excl. Jan, 

Feb, Jul, Oct) 43.4  43.4 7.9 7.9 Téthys L. Coppola/ 
Dyfamed 

 

 
Figure 13. CNRS  cruises: (left) North-western Mediterranean station map where MOOSE 
monthly cruises working area is highlighted; (right) CNRS montlhy repeated transect and 
DYFAMED station (white diamond). 
 

9)  REPEATED CRUISES OR SECTIONS IN THE WESTERN MEDITERRANEAN SEA: C) MEDOCC 
SERIES (PARTICIPANT: CNR) 
According to the DOW “The MEDOCC series (carried out by the CNR, at the western 
basin scale), western basin-scale surveys through hydrographic multidisciplinary 
sections, closing sub-volumes of the basin, following a box-model approach to allow 
budget computations of mass, salt, heat and biogeochemical properties. The Ligurian 
section crosses the DYFAMED position. The Corsica and Sicily sections correspond to 
the CORSICA, C01 and C02 moorings, respectively. This survey has already been 
carried out in 2005, 2006, 2007 and 2008. During PERSEUS it will be effected one time 
and coordinated with the annual MOOSE cruise.”  
According to the questionnaire (see Appendix): CNR planned one 25 days long cruise 
for April-May 2014 with the objective of continuing the MEDOCC series, i.e. western 
basin-scale surveys through hydrographic multidisciplinary sections, closing sub-
volumes of the basin, following a box-model approach to allow budget computations of 
mass, salt, heat and biogeochemical properties. The Ligurian section crosses the 
DYFAMED position. Parameters: CTD, oxygen, phosphate, nitrate, silicate. 
Cruises actually carried out: due to severe weather conditions, only a subset of the 
planned stations could be done in spring 2014 (see map, left). CNR will integrate the 
missing information in subsequent cruises planned for August 2015 in the framework of 
other European projects (planned station map is also shown, right). Those data will be 
transferred to the Perseus database as well as soon as available.  
 

Period Lat min Lat max Lon min Lon max R/V name PI/Cruise name 

Mar14 37.3 43 8.8 12.3 Urania K. Schroeder/Medocc14 
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Figure 14. CNR cruise in 2014 (left), and approved cruise plan for August 2015 (right). 

 
10) REPEATED CRUISES OR SECTIONS IN THE WESTERN MEDITERRANEAN SEA: D) MOOSE 

ANNUAL CRUISES (PARTICIPANT: CNRS) 
According to the DOW “Finally, an annual MOOSE cruise (May-June) with large scale 
sections (20nm between stations) across the whole sub-basin (France-Minorca-Sardinia-
Corsica) for the long-term monitoring of the water masses (physical and 
biogeochemical characteristics, same parameters as monthly cruises). Data will be 
transferred to data centres in NRT (<24h) when possible and in delayed mode (6 
months).”  
According to the questionnaire (see Appendix): CNRS planned annual cruises starting 
in January 2012 and ending in December 2015 with the objective of observing the long-
term evolution of the NW Mediterranean Sea in the context of the climate change and 
anthropogenic pressure (over > 10 yrs) in order to be able to detect and identify long-
term environmental trend and anomalies of the marine ecosystem. Integrated and multi-
scale observation networks must include both high frequency monitoring and near real-
time measurements capabilities in order to precisely document the broad spectrum of 
temporal and spatial scales involved and to rely it on the main circulation features 
already identified (basin scale gyres, eddies, biogeochemical provinces). Parameters: 
CTD, oxygen, fluorescence (chlorophyll), and beam attenuation, nutrients, alkalinity, 
dissolved inorganic carbon, pelagic bacteria/micro-organisms, phytoplankton pigment. 
Cruises actually carried out: all MOOSE operations have  started and actually on-going. 
The annual cruises have been carried out in July 2012, June 2013 and July 2014. The 
next one is scheduled for July 2015. All data have been retrieved from Seadatanet. The 
cruise list and station map is shown below. 

Period Lat min Lat max Lon min Lon max R/V name PI/Cruise name 

Jul12 39.8 43.5 3.1 8.6 LeSuroit P. Testor/MOOSE-GE12 

Jun13 39.8 43.5 3.1 8.6 LeSuroit P. Testor/MOOSE-GE13 

Jul14 39.8 43.5 3.1 8.6 LeSuroit P. Testor/MOOSE-GE14 
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Figure 15. CNRS annual MOOSE  cruises.  
 

11) OTHER RELEVANT CRUISES LOCATED IN THE PERSEUS DATABASE AND SEADATANET 
DATABASE 
OGS-ADREX: Within WP1.3, OGS participated to ADREX (Adriatic and Ionian Sea 
Experiment), and carried out three cruises in the Adriatic Sea. The cruise had the focus 
on the investigation of the role of the Adriatic-Ionian system in transmitting the human-
made pressures in the eastern Mediterranean through the Adriatic Dense Water 
formation and spreading. Parameters: CTD, carbonate system, oxygen, nutrients, DOM, 
POM, CO2 uptake, biomass production and CO2 release, plankton productivity, 
biodiversity and carbon distribution in the trophic chain. The cruise list and station map 
is shown below. 

Period Lat min Lat max Lon min Lon max R/V name PI/Cruise name 

Mar13 41.2 42.25 17.11 18.5 OGS Explora V. Cardin/ADREX13 

Feb14 37 43.37 14.4 20.5 OGS Explora G. Civitarese/ADREX14 

Oct14 39.99 45.61 12.36 18.9 OGS Explora V. Kovacevic/ADREX14sed 

 

 
Figure 16. OGS ADREX cruises.  
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CNRS-SOMBA-GE14: CNRS organized a cruise in the Algerian Sea in August-
September 2014. It is not part of Perseus but it covers an important part of the 
Mediterranean Sea, that has been identified in Subtask 3.1.3 as having a data gap. This 
is the main reason of its inclusion here. The main objective of SOMBA-GE is to start 
the companion time series of MOOSE for the 
“Essential Oceanic Variables” in the Algerian Basin, with an extension and spatial 
scales coherent with the general circulation. As a matter of fact, although the Algerian 
Basin features (Algerian Current, anticyclonic eddies at surface, cyclonic gyres at depth, 
see below) are known to be essential for the spreading of the Mediterranean Atlantic 
Waters in the whole Mediterranean, and for the trophic regime of the Algerian Basin, 
only a few oceanographic cruises have been conducted in this region over the past 
decades and none of them have considered the area as an unique dynamical entity. 
Parameters: CTD, LADCP, ADCP, NO3, NO2, SiOH4, PO4, HPLC pigments analysis, 
dissolved inorganic carbon, dissolved oxygen (Winkler protocol) and pH. The cruise list 
and station map is shown below. 

Period Lat min Lat max Lon min Lon max R/V name PI/Cruise name 

Aug14 36.5 39.8 -0.7 9.5 LeSuroit L. Mortier/SOMBA-GE14 

 

 
Figure 17. CNRS SOMBA-GE14 cruise.  
 
SHODB Turkish cruises: The Department of Navigation and Hydrography and 
Oceanography (Turkish Navy) made also two extensive cruises programs available to 
international databases: SHODB12 cruises (monthly cruises at an irregular grid) and 
SHODB13 (almost monthly cruises at an irregular grid), for which not much metadata 
could have been located (they are not part of Perseus), but that cover an area for which 
in Task 3.1. a data gap has been highlighted, the north-eastern Levantine basin. The 
cruise station map is shown below. 
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Figure 18. SHODB monthly cruises in 2012 and 2013.  
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3. Preliminary data analysis of the collected measurements  

In this section some comments and plots on the collected data (mainly CTD data, 
leaving the description of other variables to the use and exploitation of the partners), to 
define the hydrological context of the working areas in the different subbasins. Some 
cruises were carried out “una tantum”, while others are part of monthly or seasonal 
repetition programs. In the former case, transects of relevant properties in representative 
areas will be shown, while in the latter case a time series of properties will be 
constructed, evidencing the importance of sustained repeated hydrography. Contrary to 
the previous paragraph, here the description will follow a geographical criterion. 
 
Hence, the content of the section has been structured over four sections: 

1. Western Mediterranean 
2. Adriatic and Ionian Seas 
3. Levantine and Aegean Seas 
4. Black Sea and Turkish Straits Systems  
 
3.1. Western Mediterranean Sea 
3.1.1. General characteristics 

The Western Mediterranean (WMED) is directly connected to the Atlantic Ocean via 
the Strait of Gibraltar and is subdivided in two sub-basins, the Algero-Provencal basin 
and the Tyrrhenian Sea. Both areas may be further subdivided but mostly for 
geographical position, morphology at depth and/or dynamical features, without having 
sills or ridges separating them. Large eddies, especially those associated with the 
Atlantic Water flowing as a strong current (Algerian current) along the southern part of 
the basin and widespread mesoscale activity, with a typical smaller scale than in the 
open ocean, are another feature of the circulation. The continental shelf is generally 
very narrow with a few exceptions, e.g., the Gulf of Lion. 
The Algero-Provencal Basin is characterized by a North-South gradient in primary 
production, due to the presence of a large scale cyclonic circulation in the North, the 
transition between the northern area and the southern part whose dynamics are strongly 
affected by the Atlantic Water. Overall the open WMED is oligotrophic, with the 
exceptions of Alboran and the Gulf of Lion, as well as some narrow coastal areas. 
One of the key processes of the WMED is the deep water formation within the basin, 
with an impact on the transfer of matter and tracers at depth. This process can bring a 
large amount of carbon to depth.   
 
3.1.2. Hydrographic description at selected transects (2012-2015) 

In this area the most intense R/V activities are the repeated MOOSE, Canales and 
RADMED cruises. In addition there are one-time transects collected during Medocc14 
(CNR), ALBOREX (IEO) and SOMBA-GE14 (CNRS).  
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Figure 19. Cruises in the WMED during Perseus.  
 
The TS diagram of the whole area is a very informative way to display water masses. 
Figure 20 shows all data (left) as well as a  zoom on intermediate a deep layers (right). 
Pressure is colour-coded. 

 
Figure 20. TS diagrams of the whole water column (left) and in the intermediate-deep layer 
(right) in the WMED during 2012-2015. (AW=Atlantic Water; LIW=Levantine Intermediate 
Water; WMDW=Western Mediterranean Deep Water; tEMDW=transitional Eastern 
Mediterranean Deep Water; WIW=Western Intermediate Water). 
 
CNRS monthly cruises at DYFAMED provide a nice time series of deep vertical 
profiles. In figure 20 salinity is shown, which seems to increase with time in the 
intermediate layer. 
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Figure 21. Hovmӧller diagram of salinity at the Dyfamed station in the Ligurian Sea.  
 
The SOMBA cruise in the Algerian subbasin provides us with the longest transect in the 
period, so salinity distribution along it is shown in Fig. 21, evidencing the decreasing 
salinity of the Levantine Intermediate Water from east to west, due to dilution with the 
overlying fresher Atlantic Water.  

Figure 22. Salinity section along the Algerian transect. 
 
IEO and SOCIB carried out seasonal cruises, and in Figure 23 we show the temporal 
evolution of temperature in one of the monitored channels (between Mallorca and 
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Ibiza), where the appearance and disappearance of the mixed layer is appreciable. Also 
the temperature of deeper waters seems to show some seasonal dependence.  

  

  

Figure 23. Seasonal evolution of temperature in the Mallorca-Ibiza Channel.  
 
3.2. Adriatic and Ionian Seas 
3.2.1. General characteristics 

The Adriatic Sea is a semi-closed basin that stretches from the northern continental 
shelf (35 m of averaged depth) to the southern Adriatic Pit (1220 m of depth). The 
Adriatic is connected to the Ionian Sea through the Otranto Strait. The North Ionian Sea 
is featured by lower coastal development and human population than other areas of the 
Mediterranean Sea. On the other hand, the Adriatic Sea is affected by a significant 
runoff of continental waters and, because of its small surface and volume and 
morphology, is expected to be in the future one of the most impacted regions of the 
Mediterranean by the combined effects of climate changes and human activities. The 
Adriatic Sea plays an important role also for the large scale dynamics of the Eastern 
Mediterranean, being the site of formation of the dense water, which is the dominant 
component of the Eastern Mediterranean Deep Water. Recent analyses have also 
showed that the water exchange with the Ionian sea displays a Bimodal Oscillation 
which has a relevant effect on biogeochemical transports and therefore on the 
functioning of the ecosystem. 
 
3.2.2. Hydrographic description at selected transects (2012-2015) 

In this area the sole R/V activities are those carried out by OGS in the framework of 
ADREX (see Figure 16). In Figure 24 the TS diagrams are shown (whole water column 
and zoom), from which the very fresh water (32<S<36) found in front of the Po River, 
in the Northern Adriatic Sea, is evident, as well as the very dense water (29.3<σ<29.7) 
that was found in March 2013 in the Mid-Adriatic. 
During Adrex14sed, in October 2014, the whole Italian shelf, from north to south has 
bee sampled. This gives us way to illustrate the strong salinity gradients that exist in the 
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basin, due to the presence of the Po River in the very north of the Adriatic Sea (see Fig. 
25), and the entrance, to the south, of salty surface water. 
 

 
 Figure 24. TS diagrams of the whole water column (left) and in the intermediate-deep layer 
(right) in the Adriatic-Ionian during 2013-2014. (AW=Atlantic Water; MLIW=Modified 
Levantine Intermediate Water; ADW=Adriatic Deep Water; MAdDW=Mid-Adriatic Dense 
Water; EMDW=Eastern Mediterranean Deep Water). 
 
During ADREX14, in February 2014, parallel transect from the Ionian to the Adriatic 
have been measured. In Fig. 26 the evolution of potential temperature along three of 
these transects is shown. 
 

 
Figure 25. Potential temperautre distribution in February 2014 along three transects (numbers 
refer to the numbers in the station map below).  
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Figure 26. Potential temperautre distribution in February 2014 along three transects (numbers 
refer to the numbers in the station map below).  
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3.3. Levantine and Aegean Seas 
3.3.1. General characteristics 

The formation of water masses in the Mediterranean Sea generally slightly differs from 
season to season but can be stable due to predominance north-westerly winds 
throughout the year. During the summer, The Levantine basin is covered by the 
Levantine Surface Water (LSW), above the Atlantic Water layer characterized by a 
salinity minimum. The LSW water mass is formed by intensive heating and evaporation 
and has the largest salinity and temperature of the entire Mediterranean Sea. Due to 
general cyclonic circulation of the Levantine Basin the LSW advects to the Rhodes gyre 
region and due to its large salinity appears to be the source water for the Levantine 
Intermediate Water. Moreover, via the Cretan Arc passages, the LSW advects into 
eastern shelf of the Aegean Sea and participates in the intermediate and deep waters 
formation of the Aegean Sea.  
The Aegean Sea is an elongated embayment of the Mediterranean Sea between the 
mainlands of Greece and Turkey. In the north, it is connected to the Marmara Sea and 
Black Sea by the Dardanelles and Bosphorus. Aegean surface water circulates in a 
counter-clockwise gyre, with hypersaline Mediterranean water moving northward along 
the west coast of Turkey, before being displaced by less dense Black Sea outflow. The 
dense Mediterranean water sinks below the Black Sea inflow to a depth of 23–30 
metres, then flows through the Dardanelles Strait and into the Sea of Marmara. The 
Black Sea outflow moves westward along the northern Aegean Sea, then flows 
southwards along the east coast of Greece. The physical oceanography of the Aegean 
Sea is controlled mainly by the regional climate, the fresh water discharge from major 
rivers draining south-eastern Europe, and the seasonal variations in the Black Sea 
surface water outflow through the Dardanelles Strait. In the Aegean there are three 
distinct water masses:    Aegean Sea Surface Water (40–50 metres), Aegean Sea 
Intermediate Water (from 40–50 m to 200–300 metres) with temperatures ranging from 
11–18 °C and Aegean Sea Bottom Water occurring at depths below 500–1000 m with a 
very uniform temperature (13–14 °C) and salinity (39.1-39.2). 
 
3.3.2. Hydrographic description at selected transects (2012-2015) 

In this area the R/V activities are those carried out by HCMR in the Aegean Sea, by 
IOLR and OC-UCY and SHODB in the Levantine Sea (see Figure 27). In Figure 28 the 
TS diagrams for the Aegean Sea are shown (whole water column and zoom), and in 
Figure 29 the TS diagrams for the Levantine Sea are shown (whole water column and 
zoom). 
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Figure 27. Station map in the Levantine and Aegean Seas  

 
Figure 28. TS diagrams of the whole water column (left) and in the intermediate-deep layer 
(right) in the Aegean Sea during 2012-2015. (BSW=Black Sea Water; AeSW=Aegean Surface 
Water; AeIW=Aegean Intermediate Water; AeDW=Aegean Deep Water). 

 
Figure 29. TS diagrams of the whole water column (left) and in the intermediate-deep layer 
(right) in the Levantine Sea during 2012-2015. (LSW=Levantine Surface Water; AW=Atlantic 
Water; LIW=Levantine Intermediate Water; EMDW=Eastern Mediterranean Deep Water). 
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In the southern Aegean Sea, HCMR performs monthly cruises to the E1-M3A buoy, 
and this gives us the opportunity to construct a time series of water mass properties in 
this area (Figure 30). The evolution of potential temperature nicely show the formation 
and disruption of the seasonal thermocline. 
 

 
Figure 30. Hovmӧller diagram of potential temperature at the E1-M3A station in the South 
Aegean Sea. 
 
The CYBO 33°E line is aimed at tracking the Atlantic water flow towards the east. This 
water mass is usually identified by a subsurface salinity minimum, found below a salty 
and warm layer of Levantine Surface Water (Figure 31). 

  

  

 
Figure 31. (above) Salinity distribution of the whole water column (left) and in the first 500 m 
(right) along the 33°E line in december 2012; (below) salinity distribution of the whole water 
column (left) and in the first 500 m (right) along the 33°E line in december 2013. 
 
The Haifa repeated section provides an insight on shelf-offshore patterns, and here as an 
example we show the fluorescence (a proxy for Chl-a, hence primary production) 
distribution from the coastal area (where it is the highest) to almost 100 km offshore 
(Figure 32). 
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Figure 32. Fluorescence distribution along the Haifa Section in the first 320 m, March 2015. 

3.4. Black Sea and Turkish Straits System 
3.4.1. General characteristics 

The Sea of Marmara is a unique area in the world surrounded by the lands of only one 
country. It is connected to the Black Sea via the Istanbul Strait (Bosphorus) and to the 
Mediterranean Sea through the Çanakkale Strait. The chemical oceanography of the Sea 
of Marmara is significantly influenced by the Black and Aegean Seas. The Sea of 
Marmara has eutrophic characteristics and is ecologically oxygen deficient in its deep 
layers; hence it is endangered by the potential developing of anoxia conditions 
associated with the progressing eutrophication of this basin and the adjacent seas. The 
Black Sea is a deep (about 2 km) marginal basin. There are narrow openings to the 
shallow Bosphorus Strait at the south that connects the Black Sea with the Marmara 
Sea, and to the north is the Kerch Strait linking the BS with the Azov. The Black Sea is 
notorious for its poor ecological conditions, which result from limited water exchange 
with the Eastern Mediterranean basin, weak vertical mixing due to the strong density 
(salinity) stratification and negligible tides, and enhanced nutrient 
enrichment/contamination by river discharges, urban/rural and tourist resort wastes, and 
pollution discharges from ports and especially from oil terminals, not to also 
underestimate the ship-borne pollution from ships and oil/gas exploration. 
 
3.4.2. Hydrographic description at selected transects (2012-2015) 

In this area the R/V activities are those carried out by METU, MHI and SIORAS in the 
framework of MAREX and BSEX experiments (WP1). The complete station map is 
shown in Figure 4. In Figure 33 the TS diagrams are shown (Black Sea and Marmara 
Sea, notice the very different ranges of salinities in these two basin, and compare them 
with the previously shown TS diagrams). 
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Figure 33. TS diagrams of the whole water column in the Black Sea (left) and in Marmara Sea 
(right) during 2013-2014. (BSW=Black Sea Surface Water; CIL=Cold Intermediate Layer; 
BDW=Black Sea Deep Water; MW= Mediterranean Water). 
 
MHI performed a cruise in the north-western part of the Black Sea, with a very high 
resolution sampling schemes, that allows to produce reliable surface plots of property 
distribution. The same is true for the MAREX data, where the bottom salinity 
distribution shows the strong gradients between waters of Mediterranean origin and 
waters of Black Sea origin (Figure 34). 
 

 
Figure 34. Surface distribution of temperature in September 2013, in the norht-western Black 
Sea (left); bottom salinity distribution in the Marmara Sea in June 2013. 

BSW 

CIL 

BDW 

BSW 

CIL 

MW 



PERSEUS Deliverable Nr. 3.7  
 

 - 36 -  

 
During the BSEX cruise parallel transect following the cyclonic rim current in the 
Black Sea have been performed, and in Figure 35 the potential temperature section from 
the coastal to the open sea, along the 37.54 °E line is shown as an example, where the 
Cold Intermediate Layer is well evident. 

 
Figure 35. Vertical potential temperature distribution along a south-north transect at 37.54 °E.  
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4. CONCLUSIONS 
 

The activities planned in subtask 3.2.3 of PERSEUS have allowed to upgrade and 
improve significantly the observing capacity of the SES by means of the ship based 
component of the Observing System. All the data collected are being made available 
through the Perseus database, and all CTD data will possibly flow into open-access 
databases, such as Coriolis. Improvements were twofold: the overall coordination 
between cruises, that were planned in advance, sharing the plans with the partners (see 
results from questionnaires in the appendix) and the general expansion of geographical 
coverage. However comparing Fig. 3 with Fig. 2 it appears that the gaps have been 
filled only partially, substantial improvement is to be highlighted for the Algerian 
Basin, the north-western Mediterranean, the north-eastern Mediterranean as well as for 
the Black Sea. The southern Ionian Sea is still under-sampled (not sampled at all during 
Perseus), but this has to be mainly ascribed to political issues and ongoing conflicts in 
the southern shore countries, which became a particular critical issue during the whole 
part of the project duration.  
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APPENDIX 1: QUESTIONNAIRES  
SIORAS questionnaire on planned cruises 
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MHI questionnaire on planned cruises 
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HCMR questionnaire on planned cruises 
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IOLR questionnaire on planned cruises 
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OC-UCYquestionnaire on planned cruises 
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IEO questionnaire on planned cruises 
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CNRS questionnaire on planned cruises 
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CNR ISMAR questionnaire on planned cruises 
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APPENDIX 2: ROSCOP PARAMETER CODES USED IN THE ICES-
ROSCOP SYSTEM  
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APPENDIX 3: 5 DEGREE MARSDEN SQUARES (CENTRAL POINT)  
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